High sodium loads were administered intravenously to a group of subjects whose blood pressures covered a wide range. Despite large individual variations, the water and sodium excretion of the group were found to be significantly and directly correlated with blood pressure.
T HE RELATION of salt to hypertension has been the subject of investigation since the report of Ambard and Beaujard in 1904.1 Over the years, numerous investigators have adduced evidence that high sodium intakes tend to increase blood pressure,2-7 while sodium restriction, either by dietary measures,8-14 or ion exchange resin administration'5 16 may be associated with a lowering of pressure, although the number of hypertensive patients who so respond is limited and clinical improvement often exceeds the reduction in pressure."3 14 These relationships have been viewed as evidence that the development or maintenance of essential hypertension may involve the adrenal cortex,'7' 1 presumably through the operation of its so-called "sodium retaining" hormones. Surprisingly little attention seems to have been devoted to the exploration of this hypothesis by actual measurements of the rates at which hypertensive patients excrete sodium relative to normotensive controls.
Perera and Blood'7 reported that a group of hypertensive patients exhibited a smaller diuresis than a corresponding group of controls during a 24 hour period of salt restriction. Considerable overlap was present, however, and the sodium output of the two hypertensives in which this factor was measured was coot different from the output of two normotensive controls. Farnsworth and Barker'9 studied the simultaneous chloride and inulin clearances of 10 hypertensive patients as compared with 12 controls. At comparable filtration rates, the From the Evanston Hospital, Evanston, Ill., and the Division of Biological Research, G. D. Searle and Company, Chicago, Ill. 919 reabsorption of chloride (and, presumably, sodium) was lower in the hypertensive group. Differences in dietary salt intake prior to the studies were assumed to be inconspicuous, but were not measured.
The present experiments were designed to study over a wide pressure range the relationship of the blood pressure level to sodium clearance and excretion rates in response to a fixed sodium load.
METHODS AND MATERIALS
The subjects for these studies consisted of 45 patients from the wards and outpatient department of the Evanston Hospital. The majority were suffering from some form of cardiovascular disease (table 1). The group included 14 patients with a history of chronic congestive failure, who were well controlled at the time of study.
No dietary restrictions were imposed except that the subject was instructed to take nothing by mouth from the prior midnight until completion of the test. Upon reporting to the laboratory at 7:30 a.m., height and weight were measured and the surface area was calculated. The patient was placed at bed rest and catheterized. The bladder was drained, washed with two 10 cc. portions of sterile distilled water and blown out with two 20 cc. portions of air. The specimen and washings from this collection were discarded. The catheter was clamped and left in place.
At the end of a 30 minute control period the urine was collected by the procedure outlined above, the volume measured and the specimen saved for analysis. During this period, control blood samples were taken.
Following the control period, 100 cc. per square meter of body surface area of a 5 per cent sodium chloride solution were infused into an arm vein over a 25-minute interval. Urine collections were made at 30, 60, 90, 120 and 180 minutes, respectively from the time of the start of the infusion. Blood samples were taken at the end of the first period and at the midpoint of all succeeding periods.
Circulation, Volume VI, December 1952 Urine and blood samples were analyzed for sodium concentration by use of the Beckman flame photometer. Hematocrit determinations were done on all blood samples. Eosinophil counts were made during the control period and one hour after the start of the infusion.
From these measurements the sodium concentration, water and sodium excretion rates and sodium clearance were calculated for the control period and each of the test periods. The cumulative water and sodium excretions from the start of the infusion were also calculated. of regression and correlation coefficients. Adjustments were made for the influence of a third factor by the application of the technic of regression on the third variable. 21 The relation of blood pressure to other factors was further investigated by grouping the subjects into four blood pressure ranges based on the frequency distribution of the mean pressures (table 2) . The significance of differences between groups was estimated by determining the standard error of the differences between means or regression coefficients. Statistical significance was established by application of Student's t tests.22 The blood pressure of the subject was taken at intervals throughout the procedure by use of a mercury sphygmomanometer. The blood pressure readings were averaged and the approximate mean pressure estimated by adding together the mean systolic and diastolic pressures and dividing the sum by two. The value obtained by this procedure is usually somewhat higher than the true mean pressure as obtained by the analysis of pressure pulse curves.20 At a time other than the test day, renal function was estimated by means of a phenolsulfonphthalein (PSP) excretion test and a determination of the maximum concentrating capacity.
The existence and degree of correlation between any two factors were determined by the calculation 
RESULTS
When the cumulative water and sodium outputs of the four groups were compared, it was found that the higher the blood pressure range, the greater were the amounts excreted (figs. 1 and 2). Comparison of the slopes of the curves relating output to time indicated that the differences between groups were real (p < 0.01).
The differences in behavior at the various blood pressure ranges were quite striking. By the end of three hours, the group in the highest range excreted more than four times the amount of administered water while the patients in the lowest range excreted about onequarter more than the quantity received. During this same interval, the group in the highest range had eliminated virtually all of the administered sodium, a quantity almost three times as great as that excreted by the subjects in the lowest range.
The relationship between blood pressure and the amounts of water and sodium excreted start of the infusion with a subsequent decline toward the control rate for sodium and below that for water (table 3) . The correlation of individual excretion rates with blood pressure was significant in each test period (p < 0.01). The control rates of water and sodium excre- was evaluated also by correlating the three hour excretion of each patient with the pressure (table 3) . Although the relatively low values of the correlation coefficients indicated considerable variability, the total number of patients studied was sufficiently large to permit the establishment of meaningful regressions (p < 0.01).
Analysis of the rates at which water and sodium were excreted showed that the maxima were achieved during the first period after the tion were related to blood pressure also, although to a lesser degree (p < 0.05).
The urinary sodium concentration increased progressively throughout the test. During no period was a significant relation to blood pressure demonstrated.
The greater sodium excretion at higher blood pressures primarily reflected the rise in sodium clearance, most evident during the first hour after the start of the sodium chloride infusion (fig-. 3, table 3) . At low pressure levels, the sodium clearance rose to about twice the control value and tended to remain constant thereafter. At higher pressure ranges, the sodium clearance was increasingly elevated, and exhibited a secondary fall during the second and third hours. At the highest pressure range, these opposing trends resulted in a sharp peak in sodium clearance with a return toward the values exhibited by the lowest pressure group at the end of three hours. The differences in sodium clearance between groups were not attributable to the rate at which hemodilution followed the infusion of the concentrated sodium chloride solution ( fig. 4) or to the extent of change in plasma sodium concentration. The changes in hematocrit value were virtually identical at all blood pressure levels, particularly when adjustments were made for the initial value, which varied slightly between groups (table 2) To determine the influence of age and renal function on the response to sodium loading, these factors were compared with the sodium excretion rate during the first test period, in which differences in rate were most marked.
No meaningful relations were found (table 4), even when the influence of blood pressure on excretion rates was adjusted for by regression technics.
Since blood pressure was significantly correlated with age (p = 0.03), although not with renal function in this subject group (table 4) , the sodium and water excretion rates during the first test period were compared with blood pressure after any influence of age was adjusted for. This adjustment increased the extent of the relationship previously established (table 3) .
A comparison of sodium excretion rates was also made between patients with and those without a previous history of congestive failure. Those patients who had experienced one or more episodes of failure excreted significantly less water and sodium under load at comparable blood pressure levels in both the primarily hypertensive (p < 0.01) and primarily arteriosclerotic (p < 0.05) classifications.
The eosinophil counts during the control period averaged 157 cells per cubic millimeter. During the test period this value fell about 25 per cent. The drop was not related to blood pressure differences.
DISCUSSION
The results show that patients given equivalent sodium loads under the circumstances of these studies excreted water and sodium at rates which were significantly correlated with their approximate mean blood pressure during the test period. As a whole, our findings are consistent with the observations of Farnsworth and Barker relative to the reduced chloride reabsorption of hypertensive patients.'9 The low magnitudes of the correlation coefficients and the degree of variability within the various blood pressure ranges indicate that factors other than blood pressure strongly modify the response of the individual patient.
These findings are of interest in relation to the results of salt-selection and salt-loading studies in various forms of experimental hypertension. The chronically (but not the acutely) desoxycorticosterone acetate-(DCA) treated hypertensive rat voluntarily chooses more dietary sodium than untreated controls23' 24 and excretes larger quantities of water and sodium, either under basal conditions or following sodium and water loads.24 In contrast, the renal hypertensive rat voluntarily restricts its salt intake.23' 25 The pattern of water and sodium excretion by human hypertensive patients thus tends to resemble that of the chronically desoxycorticosterone acetate-treated hypertensive animal.
The absence of a correlation between water and sodium excretion rates of this group of human hypertensives and their renal function, as judged by phenolsulfonphthalein, (PSP) excretion and maximum concentrating capacity, also suggests that primarily renal factors did not materially influence their response to loading.
SUMMARY AND CONCLUSIONS Equivalent water and sodium loads amounting to 100 cc. per square meter of body surface area of a 5 per cent sodium chloride solution were administered intravenously to 45 human subjects, none of whom was in acute congestive failure at the time of study.
The excretion of water and sodium over a three hour period was found to be significantly and directly related to the approximate mean blood pressure. The response to loading was not correlated with age, phenolsulfonphthalein excretion rate, or maximum concentrating capacity. Patients with a history of congestive failure exhibited significantly lower rates of excretion.
The behavior of the human hypertensive patient in response to salt loading is similar to that of chronically desoxycorticosterone acetate-treated hypertensive animals.
